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© Organic fluorine compounds. 

© Compounds such as pentafluorobenzonitrile, tetra- 
fluorophthalonttriles, and pentafluoropyridine are produced 
by halogen exchange with a chloro- or bromo-organic com- 
pound fluorinating agent such as an alkali metal fluoride 
using benzonitrile as a solvent as from 190° to 400°C. 
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TITLE : 

Organic Flnoxine Compounds 

DESCRIPTION : 

Technical Field 

The invention relates to a method of manufacturing 
organic fluorine compounds from chloro- or 
bromo-organic compound/by a halogen exchange reaction 
with a fluorinating agent. 

Background Art 

Halogen exchange is a reaction of an alkali metal 
flucride with generally an aromatic halide to substitute 
a fluorine atom for the other halogen atom, see for 
example, Ishikawa: Journal of Synthetic Organic Chemistry, 
Japan, Vol. 25, page 80B (1967) and M. Hudlicky: 
Chemistry of Organic Fluorine Compounds, page 112 (1976) , 
John Wiley & Sons Press. 

The Invention 

According to the invention, the method is carried out 
using benzonitrile as a solvent and at from 190° to 400°c. 

Benzonitrile is thermally stable under these conditions. 
It does hot undergo a secondary reaction with the reactants 
or with the product of the main reaction- The reaction 
proceeds quickly and has a good yield. The reaction 
temperature can easily be controlled. A large amount of 
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carbonized materials is not produced. 

Benzonitrile has only a slight ability to dissolve 
inorganic salts at temperatures below its boiling point. 
At temperatures exceeding the boiling point, the 
solubility of the fluorinating agent such as potassium 
fluoride is sharply increased. The reaction proceeds 
advantageously when it is performed at from 230° to 360°c. 
The high yield may be ascribed to the advantageously 
high operating temperature and the solubility of -the 
fluorinating agent. Substitution of halogens at the mete 
positions can be effected. 

As the starting material, there may be used a chloro- 
or bromo- compound in which fluorine has already been 
substituted for part of the chlorine or bromine atoms. 
Aromatic compounds are preferred, and in particular 
those of the general formula I. 




Z n (I) 



wherein X is N, CY or CZ, Y is CI or Br, Z is F, CK or 
N °2' m is an integer- from 1 to 5, n an integer froir: 0 to 4 , 
and the sum of m and n is not more than 5- Those in 
which X is CCN or N are particularly advantageous. 



Typical examples include chlorobenzene, 
polychlorobenzenes, o-chloroni trobenzene , 
m-chloronitrobenzene , p-chloronitrobenzene , 
2 , 4-dinitrochlorobenzene, o-chlorobenzonitrile, 
25 . m- chlorobenzcnitrile , p-chlorobenzonitrile, 

2 , 6-dichlorobenzoni trile , 3 , 5-dichlorobenzonitrile , 

3 , 5-dichloro-2 , 4 , 6-trif luorbenzoni trile , 3-chloro-2 , 4 . 
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5 , 6-tetraf luorobenzonitrile, pentachlorobenzonitrile, 

3-chlorophthalonitrile, 3 , 6-dichlorophthalonitrile , 

4 ,5-dichlorophthalonitrile, tetrachlorophthalonitrile, 

5- chloroisophthalonitrile, 5-chloro~2 , 4 ., 6- . 

5 trif luoroisophthalonitrile, tetrachloroisophthalonitrile , 
2 , 3-dichloroterephthalonitrile, 

tetrachloroterephthalonitrile, 3-chloropyridine , 

2 , 5-^-dichloropyridine, 2,3, 5-trichloropyridine , 

3 , 5-dichloro-2 , 4 , 6-trif luoropyridine , 

10 pentachloropyridine , 5-chloropyridine-3-nitrile, 

6- chloropyridine-3-nitrile, 5-chloro-2 ,4,6- 

trif luoropyridine-3-nitrile, 2,4,5, 6-tetrachloropyridine 
3-nitrile, 6-chloropyridine-2-nitrile; 2,3,5,6- 
tetrachloropyridine-4-nitrile> 3,4,5,6- 
15 tetrachloropyridine-2-nitrile, and compounds having a 
bromine atom substituted for the chlorine atoms 
therein. 

Examples of suitable fluorinating agents include alkali 
metal fluorides such a cesium fluoride, potassium 
20 fluoride, sodium fluoride and lithium fluoride, and 

alkaline earth metal fluorides such as calcium fluoride, 
barium fluoride and magnesium fluoride. Fluorides of 
other metals such as antimony fluoride may sometimes 
be used. 

25 Generally speaking, the fluorinating agent is used in an 
amount at least equivalent to the chlorine or bromine 
atom to be substituted. In the case of an alkali metal 
fluoride, the amount of the fluorinating agent 
advantageously used is from 1 to 2 mols relative to 

30 the chlorine or bromine atoms in the organic compound 
treated. 
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The reaction proceeds under the pressure which is 
spontaneously generated. The pressure in the reaction 
system may be increased by addition of an inert gas 
such as air. Generally the reaction is carried out 
5 under a pressure of from 0 to 30 kg/cm 2 (gauge) , 
preferably from 1.5 to 22 kg/cm 2 (gauge) . 

The optimum reaction temperature depends on the starting 
material. when pentachlorobenzonitrile is used, the 
temperature is preferably 270° to 400°C (4 to 30 kg/cm 2 " G) , 

10 more preferably from 300°C to 350°C (7 to 20 kg/cm 2 'G). 

In the case of tetrachlorophthalonitrile , the .temperature 
is preferably from 190° to 300°C (0 to 11 kg/cm 2 *G). In 
the case of tetrachloroisophthalonitrile, the temperature 
is preferably from 250° to 350°C (2.5 to 18 kg/cm 2 *G) 

15 in the case of tetrachloroterephthalonitrile , the 

temperature is preferably from 210° to 330°C (0.7 to 15 
2 - 

kg/cm " G) „ When a pentachloropyridine is used, the 
temperature is preferably from 300° to 400°C (7 to 30 
kg/ cm *G) , more preferably from 330° to 3_80°C (10 to 26 
20 kg/cm 2 "G) . 

The reaction time is generally 2 to 48 hours, although 
it depends on the temperature and the starting material. 
The chloro- or bromo-organic compound is used in an 
amount of 5 to 50 parts by weight , preferably from 20 
25 to 40 parts by weight, based on 100 parts by weight of 
benzonitrile. 

Khen the reaction temperature is low and the reaction 
time is short, there may be partly formed a reaction 
product in which the chlorine or bromine has not been 
30 completely substituted. Where the compound aimed at 
by the reaction has a lower boiling point such as the 
boiling point of pentaf luorobenzonitrile (161°c under 
760 mmHg) or that of pentaf luoropyridine (84°C under 
760 mmHg) than the boiling point of benzonitrile 



BNSDOCID: <EP_ 0120575A1 J_> 



- 5 _ 0120575 

(191°C under 760 mmHg) , the compound produced can be 
separated by stripping. m the kettle, a chlorine- 
or bromine-containing fluorine compound of a high 
boiling point remains dissolved in the benzonitrile. 
5 The benzonitrile solvent thus remaining in the kettle 
may be recovered and put to use again in the reaction, 
in the next reaction, the chlorine- or bromine-containing 
fluorine compound contained therein as an unaltered 
intermediate is readily converted into the compound 
10 aimed at by the main reaction. The reuse of the 
recovered benzonitrile solution contributes to 
increasing the yield of the product. 

Benzonitrile lacks hygroscopicity and, therefore, 
is easily separated from the reaction product. 
15 Potassium fluoride (f luorinating agent) has high 

hygroscopicity, and so may require to be combined with 
benzene or toluene and distilled to remove water in the 
form of azeotrope in advance of the reaction. 

A phase transfer catalyst in the reaction system may 
20 prove advantageous. When the reaction system contains 
the phase transfer catalyst, there is an advantage 
that the reaction velocity can be increased and the 
reaction time shortened. As the phase transfer 
catalyst, a crown compound such as dibenzo-18-crown-6- 
25 ether or polyethylene glycol having a molecular weight 
of 300 to 600 can be used. The amount of the phase 
transfer catalyst to be advantageously used is from 
0.01 to 0.25 mol, preferably 0.05 to 0.20 mol, per 
mol of the organic compound raw material. 
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Typical examples of organic fluorine compounds vrhich 
can be manufactured according to the invention include 
f luorobenzene , polyf luorobenzenes , o-f luoronitrobenzene , 
2 , 4-dinitrof luorobenzene, o-f luorobenzonitrile , 
5 m— f luorobenzonitrile , p-f luorobenzonitrile , 

2 , 6— dif luorobenzonitrile , 3 , 5-dif luorobenzonitri le , 

3 , 5-dif luoro-2 , 4 , 6-trichlorobenzonitrile , 
pentaf luorobenzonitrile , 3-f luorophthalonitrile, 

3 , 6-dif luorophthalonitrile, 4 , 5-dif luorophthalonitrile , 
10 tetraf luorophthalonitrile , 5-f luoroi sophthaloni trile , 

5- choro-2 , 4 , 6-trif luoroisophthaloni trile , 

tetraf luoroi sphthalonitrile , 2 , 3-dif luoroterephthalonitrile, 
tetraf luoroterephthalonitrile , 3-f luoropyridine, 
2 , 5-dif luoropyridine, 2 , 3 ,5-trif luoropyridine, 
15 3 , 5-dichloro-2 , 4 , 6-trif luoropyridine , 

pentaf luoropyridine, 5-f luoropyridine-3-nitrile„ 

6- f luoropyridine-3-ni trile, 5-chloro-2, 4 , 6- 

trif luoropyridine-3-nitrile, 6-f luoropyridine-4-nitrile, 
2,3/5, 6-tetraf luoropyridine-4-nitri le, and 3,4,5,6- 
20 tetraf luoropyridine-2-nitrile , which are useful 
compounds as intermediates for the synthesis of 
agricultural pesticides, medicines and cyestuffs. 

Benzonitrile can be easily isolated from the reaction 
product by distillation and can be reused . 
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EXAMPLES 
Example 1 

An autoclave made of stainless steel and having an 
inner volume of 500 cc was charged with 2 00 g of benzo- 
5 nitrile, 60.0 g (0.218 mol ) of pentachlorobenzoni tr ile and 
69.7 g (1.20 mols) of finely divided dry potassium fluoride. 

After the air in the vessel was displaced with nitrogen 
gas, the contents of the vessel were stirred at 315 ° C 
(under 12.5 kg/cm/ -G) for 18 hours. After the reaction 

10 terminated, the reaction mixture was cooled to room tempera- 
ture and the potassium chloride and the unaltered potassium 
fluoride suspended therein were removed by filtration. - When 
the benzoni trile solution remaining as the mother liquid in 
the vessel was analyzed by the internal standard method with 

15 a gas chromatography using 2 m of a packing agent (Apiezone 
Grease K) at a column temperature of 150 c C f it was found to 
contain 80.5 mo 11 of pentaf luorobenzonitr ile and 1.2 mol% of 
3 , 5- cichIcro-2 , 4 , 6-tr if luorobenzonitr ile based on the amount 
of pentachlorobenzonitr ile first placed in the autoclave. 

20 When the mother liquid was analyzed by gas chromatography 
using 2 m of a packing agent (Thermon 1000) at a column 
temperature of 9 G c C , it was found to contain 4.3 mol% of 
3-chloro— 2 , 4 , 5 , 6-tetraf luorobenzonitr ile based on the. amount 
of pentachlorobenzonitr ile first placed in the autoclave. 

2f: One half of the mother liquid was accurately weighed out and 
treated with £ precision fractional- distillation unit, to 
obtain 15.9 g (75.5 moll in yield) of pentaf luorobenzo- 
nitrile (as a fraction at 160 e to 163 c C under normal 
pressure) as the product aimed at by the reaction- When 

30 this fraction was analyzed by gas chromatography, virtually 
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no discernible peak of any substance other than pentafluoro- 
benzonitrile was detected. 
Example 2 

An autoclave having an inner volume of 5 00 cc was 
5 charged with the same raw materials as used in Example 1, 
except that 11.5 g (0 f 0319 mol) of dibenzo~18-crown-6-ether 
was dissolved in benzonitrile. The contents of the vessel 
were stirred at 300° C (under 10.0 kg/cm 2 -g) for seven hours* 
After the reaction was terminated, the reaction mixture was 
2q treated by following the procedure of Example 1. VThen the 
mother liquid consequently obtained was analyzed by gas 
chromatography r it was found to contain 6 6.5 moll of penta- 
f luorobenzonitrile , 15. 4mol% of 3-chloro-2, 4,5 , 6-tetra- 
f luorobenzonitrile and 5.8 mol% of 3 , 5-dichloro-2 , 4 , 6- 
*5 tr if luorobenzonitrile based on the amount of pentachloro- 
benzonitrile first placed in the vessel. 
Example 3 

An autoclave having an inner volume of 50 0 cc was 
charged with the same raw materials as used in Example 1. 
20 The contents of the vessel were stirred at 35 0°C (under 17-0 
kg/cm 2 -G) for four hours. After the reaction was terminat- 
ed, the reaction mixture was treated by following the 
procedure of Example 1. When the mother liquid consequently 
obtained was analyzed by gas chromatography f it was found to 
25 contain 72.5 mol% of pentaf luorobenzonitrile based on the 
- - amount of pentachlorobenzonitrile first placed _ in the 
vessel. 
Example 4 

An autoclave made of stainless steel and having an 
30 inner volume of 100 cc was charged with 4 0 g of benzo- 
nitrile, 16 g (0.0322 mol) of pentabromobenzonitrile and 
10.3 g (0.177 mol) of finely divided dry potassium fluoride. 
After the air in the reaction vessel was displaced with 
nitrogen gas, the contents of vessel were stirred at 300 °C 
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(under 9.5 kg-/cm 2 - G ) for 20 hours ^ Aftej _ thfi reacfcion ^ 
terminated, the reaction mixture was treated by following 
the procedure of Example 1. When the mother liquid conse- 
quently obtained was analyzed by gas chromatography, it was 
5 found to contain 71.9 mol% of pentaf luorobenzonitr il e based 
on the amount of pentabromobenzonitr ile first placed in the 
reaction vessel. 
Example 5 

An autoclave made of stainless steel and having an 
10 inner volume of 500 cc was charged with 2 00 g of benzo- 
nitrile, 80.0 g (0.291 mol) of pentachlorobenzonitrile and 
65.9 g (1.135 mol) of finely divided dry potassium fluoride. 
After the air in the reaction vessel was displaced with 
nitrogen gas, the contents of the vessel were stirred at 270° 
" C (under 7.0 kg/cm2- G) for four hours . After the reaction 
was terminated, the reaction solution was separated from 
potassium chloride and unaltered potassium fluoride by the 
use of a rotary evaporator under the final conditions of 180*' 
C of external temperature and 2 0 Torrs of vacuum. Bv 
treating the reaction solution with a precision fractional 
distillation device, there was recovered 56.8 g of 3,5- 
dichloro-2,4,6-trifluorobenzonitrile (a fraction at 222 ° to 
224 °C under normal pressure) (86.3% in yield based on the 
amount of pentachlorobenzonitrile first placed in the 
25 reaction vessel, 98.2% in purity). 
Example 6 

An autoclave made of stainless steel and having an 
inner volume of 500 cc was charged with 200 g of benzo- 
nitrile, 80.0 g (0.354 mol) of 3 , 5-dichloro-2 ,4 ,6-trif luoro- 
30 benzonitrile and 45.2 g (0.779 mol) of finely divided dry 
potassium fluoride. After the air in the reaction vessel 
was displaced with nitrogen gas, the contents of the vessel 
were stirred at 330 °C (under 14.0 kg/cm 2 - G) for 12 hours . 
After the reaction was terminated, the reaction solution was 
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separated from potassium chloride and unaltered potassium 
fluoride with a rotary evaporator at 150° to 180 °C under a 
vacuum- When the separated solution was analyzed by gas 
chromatography using 2 m of a packing agent (Thermon 1000) 
5 at a column temperature of 60°C, it was found to contain 
9 6.8 mol% of pentafluorobenzonitrile based on the amount of 
3 ,5-dichloro-2, 4 ,6-trif luorogenzonitrile first placed in the 
vessel . 

By treating the separated solution with a precision 
10 fractional distillation device, there was recovered 62.8 g 
of pentafluorobenzonitrile as the product aimed at by the 
reaction. When this fraction was analyzed by gas chromato- 
graphy, virtually no discernible peak of any substance other 
than pentafluorobenzonitrile was detected. 
15 Example 7 

An autoclave made of stainless steel and having an 
inner volume of 500 cc was charged with 2 00 g of benzo- 
nitrile, 80.0 g (0.301 mol) of tetrachloroisophthalonitrile 
and 83.9 g (1.445 mol) of finely divided, dry potassium 

20 fluoride. After the air in the reaction vessel displaced 
with nitrogen gas, the contents of the reaction vessel were 
stirred at 320° C (under 13.0 kg/cm 2 - g) for 18 hours. After 
the reaction was terminated, the reaction mixture thus 
produced was cooled to room temperature and potassium 

25 chloride and unaltered potassium fluoride suspended therein 
were removed from the reaction mixture by filtration. The 
benzonitrile solution which remained as the mother liguid 
was analyzed by the inner standard method using a gas 
chromatography using 1 m of a packing agent (SE 52) at a 

30 column temperature of 60 °C. Consequently , there was 
obtained 90.5 mol% of tetraf luoroisophthalonitrile based on 
the amount of tetrachloroisophthalonitrile first placed in 
the reaction vessel. In the chart of the analyses, virtua- 
lly no discernible peak of any other substance such as 
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unsubstituted isophthalonitr lie was detected. B y the gas 
chromatographic mass spectrometry (70 eV/ m/e = 200, 131 
100, 31), the peak was confirmed to be that of tetrafluoro- 
isophthalonitrile. By expelling the solvent benzonitrile 
5 from the aforementioned mother liquid through vacuum 
distillation, there was recovered 52.5 g of tetrafluoro- 
isophthalonitrile in the form of crystals (M.P. ; 73°to 76 o 
C). By elementary analysis, the crystals were found to 
consist of 48.0% of carbon, 38.3% of fluorine, and 13.7% of 
10 nitrogen (theoretically 48% of carbon, 38% of fluorine and 
14% of nitrogen). 
Example 8 

An autoclave having an inner volume of 5 00 cc was 
charged with the same raw materials as used in Example 7, 

15 except that 5.8 g (0.016 mol ) of diben 2 o-18-crown-6-ether 
was dissolved in benzonitrile. The contents of the vessel 
was stirred at 280°C (under 7.0 xg/cm2- G) for 10 hours , 
After the reaction terminated, the resultant reaction 
mixture was treated by following the procedure of Example 7. 

20 When the mother liquid consequently obtained was analyzed by 
gas chromatograpy , it was found to contain 70.2 mol% of 
tetrafluoroisophthalonitrile and 18.7 mol% of 5-chloro- 
2,4,6-trifluoroisophthalonitrile based on the amount of 
tetrachloroisophthalonitrile first placed in the vessel. 

25 Example 9 

An autoclave having an inner volume of 500 cc was 
charged with the same raw materials as used in Example 7, 
except that tetrachloroterephthalonitrile was used as the 
starting material in the place of tetrachloroisophthalo- 
30 nitrile. the contents of the vessel were stirred at 270 °C 
(under 6.0 kg/cm 2 -G) for 12 hours. After the reaction 
terminated, the resultant reaction mixture was treated by 
following the procedure of Example 7. When the mother 
liquid consequently obtained was analyzed by gas 
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chromatography , it was found to contain 92.2 mol% of tetra- 
fluoroerephthalonitrile based on the amount of tetrachloro- 
terephthalonitrile first placed in the vessel. By expelling 
the solvent benzonitrile from this mother liquid through 
5 vacuum distillation, there was obtained tetraf luoro- 
terephthalonitrile in the form of crystals (M.P.; 195° - 197° 
C) . 

Example 10 

An autoclave made of stainless steel and having an 

10 inner volume of 500 cc was charged with 200 g of benzo- 
nitrile, 80.0 g (0.301 mol) of tetrachloroorthophthalo- 
nitrile, and 83 -9g (1.444 mols) of finely divided dry 
potassium fluoride. After the air in the reaction vessel 
was displaced with nitrogen gas, the contents of the vessel 

15 were stirred at 230 °C (under 2.0 kg/cm 2 -G) for 10 hours. 
After the reaction terminated, the resultant reaction 
mixture was cooled to room temperature and potassium 
chloride and unaltered potassium fluoride suspended in the 
reaction mixture were removed by filtration. "When the 

20 benzonitrile solution remaining as the mother liquid was 
analyzed by gas chromatography using 1 ml of a packing agent 
(SE 52) at a column temperature of 60°C, it was found to 
contain 87.7 mol% of tetraf luoroorthophthalonitrile based on 
the amount of tetrachloroorthophthalonitrile first placed in 

25 the vessel. 

By expelling, benzonitrile from the mother liquid 
through vacuum distillation, there were obtained crystals of 
tetraf luoroorthophthalonitrile (M.P.; 86° - 87 °C) which 
solidified at room temperature. 

30 Example 11 

An autoclave made of stainless steel and having an 
inner volume of 500 cc was charged with 200 g of benzo- 
nitrile, 50.0 g (0.200 mol) of pentachloropyridine , and 69.7 
g(1.20 mols) of finely divided dry potassium fluoride. 
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After the air in the reaction vessel was displaced with 
nitrogen gas, the contents of the vessel were stirred at 365' 
C (under 20.5 kg/cm2. G) for 30 hours . After ^ reaction 
terminated, the reaction solution was freed from potassium 
5 chloride and unaltered potassium fluoride with a rotary 
evaporator under the final conditions of 160° C of external 
temperature and 2 0 Torrs of vacuum. when the separated 
solution was analyzed by gas chromatography using 2 m of a 
packing agent (Thermon 1000) at a column temperature of 60° 
10 C, it was found to contain 54.2 mol% of pentaf luoropyr idine , 
9.3 moll of 3-chloro-2, 4, 5, 6-tetraf luoropyr idine and 26.6 
mol% of 3, 5-dichloro-2, 4, 6-trif luoropyr idine respectively 
based on the amount of pentachloropyr idine first placed in 
the vessel. 

15 B y treating the separated solution with a preci- 

sion fractional distillation device, there was obtained 17.9 
g of pentaf luoropyr idine (fraction at 83 c to 85 °C under 
normal pressure) as the product aimed at . When this frac- 
tion was analyzed by gas chromatography, virtually no 

20 discernible peak of any substance other than pentafluoro- 
pyridine was detected. 
Example 12 

An autoclave having an inner volume of 500 cc was 
charged with the same raw materials as used in Example 11, 

25 except that 11.5 g (0.0319 mol) of dibenzo-18-crown-6-ether 
was dissolved in benzonitrile . The contents of the vessel 
was stirred at 330 °C (under 15.0 kg/cm* - G ) for 24 hours ^ 
After the reaction terminated, the resultant reaction 
mixture was treated by following the procedure of Example 

30 11 • When the mother liquid consequently obtained was 

analyzed by gas chromatograpy , it was found to contain 25.7 
mol% of pentaf luoropyr idine , 13.2 mol% of 3-chloro-2 , 4 , 5 , 6- 
tetraf luoropyr idine and 54.3 mol% of 3 ,5-dichloro-2 ,4 ,6- 
trifluoropyridine respectively based on the amount of penta- 
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chloropyridine first palced in the vessel - 
Example 13 

An autoclave made of stainless steel and having an 
inner volume of 200 cc was charged with 100 g of benzo- 

5 nitrile, 40 g (0.165 mol) of 2 , 4 , 5 , 6-tetrachloropyr idine-3- 
nitrile and 46 g (0.790 mol) of finely divided dry potassium 
fluoride. After the air in the vessel was displaced with 
nitrogen gas, the contents of the vessel were stirred at 320° 
C (under 13.5 kg/cm 2 -g> for 10 hours. After the reaction 
10 terminated, the resultant reaction solution was freed from 
potassium chloride and unaltered potassium fluoride by the 
use of a rotary evaporator under the final conditions of 160° 
C of outer temperature and 20 Torrs of vacuum* When the 
separated solution was analyzed by gas chromatography using 

15 1 m of a packing agent (SE 52) at a column temperature of 60 c 
C, it was found to contain 79-4 mol% of 2 , 4 ,5 , 6-tetraf luoro- 
pyr idine-3-nitrile and 5.1 moll of 5-chloro-2 r 4 , 6-trif luoro- 
pyridine-3-nitrile respectively based on the amount of 
2,4,5, 6-tetrachloropyr idine-3-nitrile first placed in the 

20 vessel . 

When the separated solution was treated with a 
precision fractional distillation device, there was recover- 
ed 22 g of 2,4,5,6-tetrafluoropyridine-3-nitrile (fraction 
at 165°- 166 °C under normal pressure) as the product aimed 
25 at. When this fraction was analyzed by gas chromatography, 
virtually no discernible peak of any substance other than 
2 ,4 ,5 , 6-tetraf luoropyridine-3-nitrile was detected. 
Example 14 

An autoclave made of stainless steel and having an 
30 inner volume of 100 cc was charged with 40 g of benzo- 
nitrile, 8 g (0.0632 mol) of orthochloro-toluene and 7.33 g 
(0.1265 mol) of finely divided dry potassium fluoride. 
After the air in the vessel was displaced with nitrogen gas, 
the- contents of the vessel were stirred at 370°C (under 21.5 
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kg/cm2. G ) for 2 4 hours. By the use of a rotary evaporator, 
the reaction solution was freed from potassium chloride and 
unaltered potassium fluoride under a vacuum. When the sepa- 
rated benzonitrile solution was analyzed by gas chromato- 
5 graphy using 2 m of a packing agent (Thermon 1000) at a 
column temperature of 60 °C, it was found to contain 22 mol% 
of orthof luoro-toluene based on the amount of orthochloro- 
toluene first placed in the vessel. 
Example 15 

An autoclave made of stainless steel and having an 
inner volume of 100 cc was charged with 40 g of benzo- 
nitrile, 16.0 g (0.079 mol) of 2 , 4-dinitrochlorobenzene and 
5.5 g (0.095 mol) of finely divided dry potassium fluoride. 
After the air in the reaction vessel was displaced with 
15 nitrogen gas, the contents of the vessel were stirred at 235= 
C (under 2.5 kg/cm 2 - G) for 3 hours. After the reaction 
terminated, the resultant reaction mixture was cooled to 
room temperature and potassium chloride and unaltered potas- 
sium fluoride suspended in the reaction mixture were removed 
20 by filtration. When the benzonitrile solution remaining as 
the mother liquid was analyzed by gas chromatography using 1^ 
m of a packing agent (SE 52) at a column temperature of 120° 
C, it was found to contain 94.0 mol% of 2 , 4-dinitrof luoro- 
• benzene based on the amount of 2 , 4-dinitrochlorobenzene 
25 first placed in the vessel. 
Example 16 

An autoclave made of stainless steel and having an 
inner volume of 100 cc was charged with 40 g of benzo- 
nitrile, 8.0 g (0.028 mol) of hexachlorobenzene and 14.6 g 
30 (0.252 mol) of finely divided dry potassium fluoride. After 
the air in the reaction vessel was displaced with nitrogen 
gas, the contents of the vessel were stirred at 35.0- C (under 
16.0 kg/cm2. G ) for 3 0 hours. After the reaction terminated, 
the reaction mixture was cooled to room temperature and 
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potassium chloride and unaltered potassium fluoride were 
removed by filtration. When the benzonitrile solution 
remaining as the mother liquid was analyzed by gas chromato- 
graphy using 2 m of a packing agent (Thermon 1000) at a 
5 column temperature of 60*to 12 0 C C (gradual elevation), it 
was found to contain 20.3 mol% of hexaf luorobenzene, 57.1 
mol% of monochloropentaf luorobenzene and 10.6 mol% of 
dichlorotetraf luorobenzene respectively based on hexachloro- 
benzene first placed in the vessel. 
10 Example 1 7 

An autoclave made of stainless steel and having an 
inner volume of 100 cc was charged with 40 g of benzo- 
nitrile, 12.0 g (0.0811 mol) of 2 ,5-dichloropyridine and 
12.3 g (0.212 mol) of finely divided dry potassium fluoride. 

15 After the air in the reaction vessel was displaced with 
nitrogen gas, the contents of the vessel were stirred at 370° 
C (under 22.5 kg/cm2- G) for 2 4 hours. By the use of a 
rotary evaporator, the reaction solution was freed from 
potassium chloride and unaltered potassium fluoride under a 

20 vacuum. When the benzonitrile solution remaining as the 
mother liquid was analyzed by gas chromatography using 2 m 
of a packing agent (Thermon 1000) at a column temperature of 
6 0 °C, it was found to contain 66.6 mol% of 2 , 5-dif luoro- 
pyridine and 25.4 mol% of 5-chloro-2-f luoropyridine respec- 

25 tively based on the amount of 2 ,5-dichloropyridine first 
placed in the vessel. The peaks were confirmed by gas' 
chromatographic mass spectrometry (GC-MS) to be those of 
2, 5-dif luoropyridine and 5-chloro-2-f luoropyridine respec- 
tively . 
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CLAIMS: 

1. A method of manufacturing an organic fluorine 
compound from an organic chloro- or bromo -compound 
by a halogen exchange reaction with a fluorinating 

5 agent characterized in that the method is carried 

out using benzonitrile as a solvent and at from 190° 
to 400°C. 

2. A method according to claim 1 characterized in 
that the chloro- or bromo-compound is aromatic. 

10 3. A method according to claim 1 or claim 2 

characterized in that the fluorinating agent is an 
alkali metal fluoride or an alkaline earth metal 
fluoride. 

4. A method according to claim 3 characterized in 
15 that the fluorinating agent is potassium fluoride. 

5. A method according to any preceding claim 
characterized in that the chloro- or bromc -compound 
is used in an amount of from 5 to 50 parts by weigbt 
based on 100 parts by v/eight of benzonitrile. 

20 6. A method according to any preceding claim 

characterized in that the fluorinating agent is an 
alkali metal fluoride in an amount of from 1 to 2 
mols relative to the chlorine or bromine atoms in 
the organic compound treated. 

25 7. A method according to any preceding claim 
characterized in that it is carried out under 
spontaneously generated pressure. 

8. a method according to any preceding claim 
characterized in that it is carried out in the presence 
30 of a phase transfer catalyst. 
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9. A method according to claim 8 characterized in 
that the phase transfer catalyst is used in an 
amount of from 0.01 to 0.25 mol per mol of the 
organic compound treated. 
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